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Objectives: To evaluate the long-term effects on the airway and bone in patients that have undergone BA, 
TA and control with 3D cone beam computed tomography (CBCT) analysis. Materials and Methods: 180 
CBCTs were analyzed for 60 patients at pretreatment (T1), post expansion (T2), and post-treatment (T3). 
Patients were divided into three groups, bone anchored expansion (BA), tooth anchored expansion (TA) 
and a control group. For the airway portion of the study, the nasal cavity, nasopharyngeal, oropharyngeal 
and laryngopharyngeal, and total airway volumes were measured. Total airway area, minimal cross-
sectional area, maxillary intermolar, external maxillary and palatal widths were also examined. For the 
bone portion of the study, intermolar width, palatal width, molar angulation, vertical bone height, and 
buccal bone thickness at the alveolar crest and root apex were measured. Results: Both BA and TA caused 
a significant increase in the airway parameters short-term but when examining long-term results, there 
were no significant differences in the airway parameters between the three groups except for the 
nasopharyngeal volume and palatal width parameters.. Both BA and TA resulted in significant increases 
in the intermolar width, molar angulation, palatal width, vertical bone height and buccal bone thickness 
at the root apex short-term. Long-term examination showed similar trends to that seen in the short term 
for both BA and TA groups. However, in the control group, there were significant increases in the 
intermolar width and decrease in the buccal bone thickness at the root apex. When comparing the end 
results with pre-treatment measurements, there was still a significant decrease in the vertical bone 
heights in the BA and TA groups. Conclusions: There were significant increases in the total airway volume 
and area, minimal cross-sectional area with BA and TA immediately post-expansion but by post-treatment, 
the changes seen in the airway and bone parameters in the BA and TA groups were similar to the changes 
seen in the control group. The only differences seen long-term were that the BA group led to a significant 
increase in the nasopharyngeal volume and that the BA and TA groups led to significant decreases in the 






Maxillary transverse deficiencies are a common finding that Orthodontists must correct. These 
deficiencies typically present themselves as unilateral or bilateral posterior crossbites, narrow nasal cavity 
and crowding.1,2 A survey conducted by the National Health and Nutrition Examination Survey (NHANCES 
III) found the incidence of posterior crossbites to be 9.4%.3 Prevalence of posterior crossbites was found 
to be between 1-16% in the primary dentition and 50-90% of them are found to persist when permanent 
teeth erupt.4 The etiology of posterior crossbites are multifactorial and can be skeletal in nature due to a 
narrow palatal width or dental due to lingual tipping of the maxillary posterior teeth or buccal tipping of 
the mandibular posterior teeth. Other factors that can lead to posterior crossbites include genetics, soft 
tissue, respiratory issues, habits such as digit sucking or pathology.4,5  
 Posterior crossbites can be corrected either by orthopedic expansion of the midpalatal suture, 
dental expansion or both. The most common treatment protocol for constricted maxillary arches is still 
rapid maxillary expansion produced with a tooth-anchored expander (Hyrax). In situations where mainly 
orthopedic expansion is desired, treatment timing has been shown to be a crucial factor. Previous 
histological studies have shown that as the midpalatal suture matures, it obliterates or fuses.6 There have 
been multiple attempts to develop classification systems of the midpalatal suture to best determine the 
most effective time of RME so that the result is mainly orthopedic expansion. Some  studies have shown 
that the midpalatal suture begins to obliterate by the third decade of life and that any orthopedic 
expansion desired should be achieved before this time.7,8,9 Therefore, RME in adults that require 
orthopedic expansion can result in failure of the midpalatal suture and unwanted side effects that can 
include alveolar bone dehiscences, buccal crown tipping, root resorption, reduction in buccal bone 
thickness and marginal bone loss.10 It has been shown that even in adolescents, only 35% of the expansion 
is skeletal and 65% dental.11 In addition to that, buccal dehiscences have also been shown to result after 





as much skeletal expansion as possible, orthopedic expansion of the basal bone and opening of the 
midpalatal suture are necessary, especially in non-growing patients.  
 Non-surgical maxillary expansion can be accomplished with the conventional tooth borne Hyrax, 
bone-anchored, or a combination of the two. Rungcharassaeng et al. examined the buccal bone changes 
of the maxillary posterior teeth after RME with hyrax using cone beam computed tomography (CBCT) 
images and concluded that the expected results after RME are buccal crown tipping of the maxillary 
posterior teeth along with reduction in the buccal bone and vertical  bone height.13 In order to achieve 
maximum orthopedic expansion with minimal dental side effects, Lee et al. introduced miniscrew-assisted 
RPA (MARPE) and reported successful expansion of the maxilla through opening of the midpalatal 
suture.14 Lagravere et al. examined the effects of bone borne expanders and tooth borne expanders on 
transverse, vertical and anteroposterior changes.15 Both studies concluded that MARPE or a tooth borne 
expander are just as effective as the conventional Hyrax expander with respect to correcting the maxillary 
transverse deficiency. However, neither of these studies in addition to existing studies have examined the 
long-term effects of these different types of maxillary expansion on the cortical bone. 
 As expansion of maxilla is achieved regardless of methodology, it results in the opening of the 
mid-palatal suture. The opening of this suture and expansion of the nasal floor has been shown to lead to 
decreased resistance in the nasal cavity and beneficial effects on the airway volume.16 After both bone 
anchored and tooth anchored expansion, there has been shown to result in a positive change in the airway 
immediately after expansion. 17,18 Similarly to that seen with the existing studies done on expansion and 
its effect on bone, much of the existing literature only examines the effects of expansion on airway over 
a short period of time. 17,19 Additional criticisms of the existing studies also cite a lack of control groups to 
compare with. 18,19 Thus, to better understand the effects of expansion appliances on the airway, it is 






 Much of the information in the scientific literature regarding maxillary expansion treatments 
comes from studies examining only either tooth borne or bone borne expanders. There are also few 
studies that examine the effects on the alveolar bone and airway post retention after RME. Further studies 
are needed to differentiate the bony and airway changes among different maxillary expansion protocols 
and to monitor the long-term effects on the buccal bone post-expansion.  The aim of this study is to use 
CBCTs to evaluate the immediate and long-term bony and airway changes between tooth-borne, bone-
borne, and tooth and bone-borne expanders.  
 
Hypotheses, Aims and Objectives: 
 Null Hypothesis:  
There are no differences in the cortical bone thickness and height between the three different 
maxillary expansion protocols at the different time points.  
There are no differences in incidence of fenestration and dehiscence between the three different 
maxillary expansion protocols. 
 Aims / Objectives: 
• Primary objective: To evaluate the cortical bone changes (thickness and height) 
before and after maxillary expansion treatments (hyrax, tooth anchored, bone 
anchored). 
• Secondary objective: To evaluate the airway changes  before and after maxillary 






Materials and Methods:  
 All of the subjects involved in this retrospective study were treated orthodontically at the 
University of Alberta, Edmonton, Canada. The patients were recruited as part of a randomized controlled 
trial at the clinic for the purpose of investigating different aims. The patients were randomly assigned to 
three groups 1) Bone Anchored, 2) Tooth Anchored, and 3) Control or wire expansion. The inclusion 
criteria consisted of:  
• Patients with maxillary transverse deficiency  
• Consecutively treated at a single institution (University of Alberta) 
• Adolescent patients (12-16yo) at the beginning of treatment with no prior orthodontics, 
temporomandibular joint disorder (TMD), adenoidectomy or tonsillectomy 
• Good quality pre- and post- CBCT records  
Exclusion criteria consisted of:  
• Absences of systemic diseases and craniofacial syndrome(s) 
• Patients that are not taking any medications affecting bone metabolism  
The bone anchored group had two mini-screws in the posterior palatal region (length:12 mm; 
diameter: 1.5 mm; Straumann GBR System, Andover, MA). The tooth anchored group had a tooth-borne 
expansion appliance similar to the Hyrax appliance attached to the first molars and premolars. The 
expander screw in both groups was activated two turns a day. CBCT images were taken with the same 
imaging machine (iCAT Imaging Sciences International, Hartfield, PA) and protocol (0.3 voxel,8.9 
seconds,120 kV and 20 mA) at three different time points.  





T2: Immediate post expansion in the tooth and bone anchored groups or six months after T1 for 
the control group. 
T3: Post-treatment for all three groups (mean of (2 years 8 months for MARPE, 2 years 9 months 
for RPE and 2 years 7 months for Control) 
180 CBCTs for 60 patients were received from Dr. Lagravere at the University of Alberta in 
Edmondton, Alberta, Canada. Subject characteristics included a mean age in the bone anchored group 
of 13.69 ± 1.74 years (20 patients), RPE group of 13.9 ± 1.14 years (21 patients), and control group of 
13.3 ± 1.49 years (19 patients).  
 Digital imaging and communication in medicine (DICOM) data was used to reconstruct the 3D 
CBCT volumes with Dolphin Software (Version 11.9; Dolphin Imaging and Management Solutions, 
Chatsworth, Calif). All the CBCTS were oriented in a standardized manner.20 The airway parameters and 
their boundaries taken are described in table 1 and figures 1-11  All measurements were recorded by a 
single investigator (SM). 20 random CBCTs were reevaluated by the same investigator for intraobserver 
reliability and another investigator (DW) for interobserver reliability. The bone and dental parameters 
measured are described in table 2 and figures 12-16. All the measurements were performed by one 
operator (DW), repeated after two weeks to test for intra-rater reliability, and performed by another 









Statistical Analysis:  
It was determined that using an ANOVA F-test, 19 samples per group would allow us to detect a 
0.9 standard deviation mean difference between groups in change from T1 to T3, for 80% power at the 
5% significance level. The mean change from T1 to T2 or T1 to T3 was tested against no change within 
groups by paired t-test and the mean changes were compared among the three groups by ANOVA F- 
test. Additionally, three between-group comparisons were conducted and the P-values were adjusted 
for multiple testing using the Tukey's Honest Significant Difference method. Pearson correlation 
coefficient and the 95% confidence interval and P-values were calculated for correlations between 
changes from T1 to T2 or T1 to T3. All the statistical analyses were performed in R version 3.5.2. P-values 

















Short term airway changes from T1-T2 within the three groups 
 In the bone anchored and the tooth anchored group, a significant percentage increase (P<0.05) 
was found in the nasal cavity volume (14.4, 11.5%), nasopharyngeal volume (21.8, 24.1%), 
nasopharyngeal area (22.7, 29.8%), oropharyngeal volume (19.2, 26.4%), totally airway volume (20.5, 
25.5%), total airway area (8.1, 16.9%), and minimal cross-sectional area (20.3, 21.7%). For the dental and 
bone measurements, there was a significant percentage increase within the bone anchored and tooth 
anchored groups in the maxillary intermolar width(10.7, 14.3%), external maxillary width (2.8, 3.3%), 
and palatal width (10.4, 6.4%). The control group showed no significant changes in any of the 
parameters between T1 and T2 (Tables 3, 4, 5).  
Long term airway changes from T1-T3 within the three groups.  
 The airway parameters that showed significant increases by T2 also had significant percentage 
increase at T3 when compared with T1 in both the bone anchored and tooth anchored groups (Tables 
3,4). In the control group, there was also a significant increase at T3 when compared to T1 for the nasal 
cavity volume (29.4%), nasal cavity area (39.5%), nasopharyngeal volume (35.6%), oropharyngeal 
volume (40.7%), total airway volume (39%), minimal cross-sectional area (59.3%), intermolar width 
(8.6%), and palatal width(3.7%) (table 5). 
Comparison of airway changes between BA, TA and control groups  
 There was a significant percentage increase in the nasal cavity volume, nasopharyngeal volume, 
nasopharyngeal area, oropharyngeal volume and total airway volume in both the TA and BA groups 
when compared to the control group. The maxillary intermolar width, external maxillary width and the 





group; when comparing the BA and TA group, the TA group showed a significantly higher percentage 
increase in the maxillary intermolar width while the BA group showed a significantly higher percentage 
increase in the palatal width(Table 6). 
 The only significant findings that were found between T2-T3, were that the control group 
showed a significant increase in the nasal cavity volume, nasopharyngeal volume, maxillary intermolar 
width, external maxillary width and palatal width when compared to that of the BA and TA groups. 
(Table 7). 
When looking at the long term results (T1-T3), the BA group showed a significant increase in the 
nasopharyngeal volume and palatal width when compared with that of the TA and control group. The 
BA group also showed a significant increase in the external maxillary width when only compared with 
the control group. There were no other significant findings in the other parameters between the three 
groups when comparing post-treatment and initial values (Table 8). 
 
Short-term bone and dental changes within the BA, TA, and Control group 
 For the BA group, there was a significant percentage increase (P<0.05) in the intermolar width 
(9.7%) and the vertical bone height (-10.3%). For the TA group, there was a significant percentage 
increase in the intermolar width (12.7%), molar angulation (5.4%), and the vertical bone height (-16.9%). 
(There were no significant differences in any of the parameters for the control group from T1-T2.(Tables 
9, 10, 11). 
Long-term bone and dental changes within the BA, TA, and Control group 
 For the BA group, there was a significant percentage increase in the intermolar width (12.2%) 
and the vertical bone height (8.2%). For the TA group, there was a significant percentage increase in the 





(-42.9%). Examining the long term changes in the control group resulted in a significant increase in the 
intermolar width (10.5%) and a significant decrease in the buccal bone thickness at the root apex 
(36.3%) while there were no significant differences in any of the other parameters(Tables 9, 10, 11).   
Comparison between the BA, TA and Control groups 
 At T1, there were no significant differences in any of the parameters when comparing between 
groups. At T2 however, there was a significant increase in the intermolar widths and a decrease in the 
vertical bone height in the BA and TA groups when compared to the controls. The TA group showed a 
significant increase in the molar angulation when compared to the controls.  At T3, only the vertical 
bone height for the TA group still showed a significant decrease when compared to the control (Tables 
12, 13, 14). 
 
Discussion: 
 A typical expansion appliance like the Hyrax can deliver high forces of up to 10,000g to the 
maxillary first molars.21 Many studies have examined the effects of such expansion forces on the alveolar 
bone and the airway but many of the shortcomings in these studies are that they are either focused on 
only the short-term effects or that they lack a comparison control group. 21,22 The findings of our study 
are significant as it is one of the first to directly address the lack of studies examining long-term changes 
in airway and bone parameters with maxillary expansion with comparison with a control group.  
 In both the BA and TA group, there was a significant increase seen in the nasal cavity volume,  
nasopharyngeal volume, nasopharyngeal area, oropharyngeal volume, and total airway volume and area 
(Table 6). However by T3, there were no significant differences in any of the parameters between 





skeletal effect with BA than with TA. Previous studies have shown that bone-borne expanders can result 
in a more expansion of the posterior part of the palate or a more parallel opening of the mid-palatal 
suture25,26. In addition, both BA and TA groups showed a significant increase in the palatal widths short-
term when compared with controls and when comparing the increase in palatal width between the BA 
and TA groups, the BA group showed a significantly higher increase in the palatal width. The effects of 
BA on the posterior aspects of the palate may explain how the nasopharyngeal volume still stayed 
significantly increased at T3.  The other parameters that we observed significant differences in (nasal 
cavity volume, oropharyngeal volume, nasopharyngeal area and total airway volume and area), though 
they were significant in both BA and TA short-term, none of them were found to be statistically 
significant when compared with controls at T3 (Tables 7,8). This means that although BA and TA do have 
an effect on these parameters short-term, they do not result in a significant difference results long-term. 
This could be due to a variety of factors that include the effects of arch-wire expansion, post-expansion 
relapse, growth or other biological factors. The immediate increase in the total airway volumes after BA 
and TA match what has been seen in previous studies18. However, one of the many critiques of these 
studies on airway are that they do not include a control group for comparison and they do not look at 
the effects of expansion long after it is completed.  
As expected, there was a significant increase in the intermolar width at T2 in both the BA and 
the TA groups (Tables 9,10) and when compared with controls, both the BA and TA group experienced a 
significantly greater increase in the intermolar width (Table 13). By T3 however, there was no significant 
differences in the intermolar widths between any of the three groups. This is due to a combination of  
the relapse seen in of the maxillary first molars after the removal of the appliance in the BA and TA 
groups along with the fact that the control group received wire expansion after T2, leading to the 
increased intermolar width seen in this group. Although we did not measure any correlation between 





parameter within the groups. There was a significant increase in the molar angulation seen in only the 
TA group at T2 (Table 13). This result is similar to what has been observed in previous studies where 
they found that there was more tipping of the maxillary first molars with the hyrax appliance when 
compared to a bone borne expander.12 This study did find significant buccal tipping of the molars in both 
their BA and TA groups but in our present study, when compared to a control group, only the TA group 
produced a significant result in buccal tipping, while the BA group did not lead to any significant change 
in the molar angulation. At T3 however, the TA group experienced some relapse at the first molars 
where the intermolar width and molar angulation decreased so that neither of these parameters were 
statistically significant in the three groups (Table 14). From this, we can conclude that the intermolar 
width and molar angulation showed significant changes in the short-term but there were not significant 
differences in these parameters long-term with any modality of maxillary expansion. 
The results for the one parameter that did partially support our hypothesis is what we observed 
in the vertical bone height among the groups. In the short-term, the vertical bone height was 
significantly reduced in both the TA and BA groups when compared with the control group (Table 13). 
The reduction in the vertical bone height when comparing TA and BA groups was more significant 
greater in the TA group. This finding is similar to what has been seen for expansion with tooth borne or 
bone borne appliances.21 This study however, did not examine the effect of expansion on the vertical 
bone height long-term nor did they have a control group in their study. When examining this parameter 
long-term, we saw that although there was a minor amount gain in the vertical bone height in both the 
BA and TA groups , the bone height was still significant reduced when compared to their respective 
group measurements at T1 (Tables 9, 10). The control group during the period of this study did not see 
any significant differences in the vertical bone height. The comparison of the vertical bone heights 
between the groups resulted in a significant difference between the TA and control group (Table 14). 





immediate loss of  vertical bone height after expansion that is not regained completely by the end of 
orthodontic treatment. Thus we can conclude that wire expansion along with BA may be more beneficial 
compared to TA appliances in preserving the vertical bone height.  
The only changes seen in the buccal bone thickness at the alveolar crest and root were within 
the TA and control groups (Tables, 10, 11). Both groups saw an significant decrease in the bone 
thickness at the root apex at T3. This occurred because of the up righting or relapse of the maxillary 
molars after expansion is finished. Another reason why this may have occurred is due to the prescription 
of the molar brackets used in treatment. After the buccal tube slots are filled, the molars may 
experience the force to up right, thus leading to a decrease in bone thickness at the root area. Previous 
studies have examined what a healthy amount of thickness of buccal bone should be at anterior teeth24 
or have used transverse slices in CBCTs to evaluate bone thickness23 but there have been no previous 
studies that have determined a standard for what a healthy amount of bone thickness is at the maxillary 
molars. Knowing the relationship between the alveolar bone and the tissue that supports it, we can 
assume that if there is a loss of bone thickness, then there may be increased risk for fenestration, 
dehiscences and/or recession. With this in mind, we can conclude that BA does lead to an increased risk 
of loss of bone thickness while both TA and wire expansion may lead to a loss of bone thickness at the 
root apex. This finding has to be taken with caution as when this parameter was compared between 
groups, there were no significant differences seen (Table 14). 
Limitations of this studies include that there was no true control (no treatment) group present 
as it would be unethical to record CBCTs in subjects that are not undergoing treatment and the 
retrospective design of the study. Additional studies should be performed to evaluate the effects of BA 








• Airway  
o Both BA and TA significantly increase nasal cavity volume, oropharyngeal volume, 
nasopharyngeal volume, nasopharyngeal area, total airway volume, maxillary intermolar 
width, external maxillary width and palatal width when compared to controls in the 
short term. 
o Long-term examination showed that BA led to a significant increase in the 
nasopharyngeal volume and palatal width when compared to the TA and control group. 
Both BA and TA groups showed greater external maxillary width compared to controls. 
o There were no significant differences in the airway parameters other than the 
nasopharyngeal volume between the BA, TA and control groups long-term.  
o The amount of expansion, external maxillary width and palatal widths were not 
correlated with airway volume 
• Bone and dental  
o Both BA and TA led to significant increases in the intermolar width, palatal width and 
molar angulation (TA). Both BA and TA groups also led to significant decreases in the 
vertical bone height.  
o Long-term examination showed that there were no significant findings in the intermolar 
width, palatal width, and molar angulation between TA, BA, and controls. All three 
groups showed significant decrease in the buccal bone thickness at the root apex.  
o There was still a significant decrease in the vertical bone heights in the TA and BA 





























Nasal cavity boundary Anteriorly, Nasion (N), tip of nasal bone and Anterior Nasal 
spine (ANS); Posteriorly, Sella (S) to Posterior Nasal Spine 
(PNS); Superiorly, Sella to Nasion; Inferiorly, ANS to PNS. 
Nasopharynx Boundary Anteriorly, PNS; Posteriorly, tip of odontoid process; 
Superiorly, Sella; Inferiorly, the line connecting the PNS to 
tip of odontoid process 
Oropharynx Boundary Posteriorly, tip of odontoid process and Cervical vertebrae 2 
(cv2); Anteriorly, PNS to the point parallel to CV2; Inferiorly, 
the line connecting the CV2 parallel to HRF to the anterior 
boundary; Superiorly, PNS to tip of odontoid process   
Laryngopharynx Boundary Posteriorly, anterinferior point of CV2 and cervical vertebrae 
4 (CV4), Anteriorly, PNS to point parallel to CV4, Superiorly, 
the inferior border of oropharynx, Inferiorly, the line joining 
CV4 to anterior boundary parallel to HRF.  
Nasal cavity volume (NCV, mm3) 
 
The volume of the airway space within the nasal cavity 
boundary 
Nasal cavity Area (NCA, mm2) 
 
The area of the airway space within the nasal cavity 
boundary 
Nasopharyngeal Volume (NPV, mm3) 
 
The volume of the airway space within the nasopharynx 
boundary 
Nasopharyngeal Area (NPA, mm2) 
 
The area of the airway space within the nasopharyngeal 
boundary 
Oropharyngeal Volume (OPV, mm3) 
 
The volume of the airway space within the oropharynx 
boundary 
Oropharyngeal Area (OPA, mm2) 
 
The area of the airway space within the oropharyngeal 
boundary 
Laryngopharyngeal Volume (LPV, 
mm3) 
The volume of the airway space within the laryngopharynx 
boundary 
Laryngopharyngeal Area (LPA, mm2) The area of the airway space within the laryngopharyngeal 
boundary 
Total Airway volume (TAV, mm3) Total airway volume is the sum of nasopharyngeal volume 
and oropharyngeal volume 
Total Airway Area (TAA, mm2) 
 
The sum of the nasopharyngeal area and oropharyngeal area 
Minimal cross-sectional area (MCA, 
mm2) 
The dimension of the least axial cross-sectional area found in 
the airway of the patient 
Maxillary intermolar width (mm) Width between the maxillary first molars measured at the 
central fossa on the coronal slice passing through the 
furcation of maxillary right first molar 
External Maxillary width (mm) The width of the line connecting the depths of concavity of 
the lateral wall of maxillary sinuses on the coronal slice 


















































Palatal width (mm) The width of the line connecting the junction of the hard 
palate and lingual alveolar bone on the coronal slice through 
the furcation of maxillary right first molar  
Parameters Description 
Molar Angulation  The angle measured between the line going through the 
central fossa and palatal root and the line at the nasal floor 
on the coronal slice through the palatal root of the first 
molars.  
Intermolar Width  The width of the line connecting the central fossa of the left 
and right first molars on the coronal slice through the palatal 
root of the first molars.  
Palatal Width  The width of the line connecting the junction of the hard 
palate and lingual alveolar bone on the coronal slice through 
the palatal root of the first molars.  
Vertical Bone Height (VBH) The distance between the mesio-buccal cusp tip and the 
alveolar crest measured on the coronal slice through the 
mesio-buccal root of the first molars.  
Buccal Bone Thickness at the Alveolar 
Crest 
 
The shortest distance between a line tangent to the buccal 
bone to the root at the alveolar crest level on the coronal 
slice through the mesio-buccal root of the first molars.  
Buccal Bone Thickness at the Root 
Apex 
 
The shortest distance between a line tangent to the buccal 
bone to the root at the root apex level on the coronal slice 
through the mesio-buccal root of the first molars. 
Buccal Bone Area 
 
The area of bone measured between the alveolar crest and 
root apex on the coronal slice through the mesio-buccal root 


























































































































































8) 6 0.248 0.276 
 
Laryngopharyng





































































































































* Significant at P < 0.05. SD – Standard Deviation. 95% CI - 95% Confidence Interval 
 








































































































































































































































































































* Significant at P < 0.05. SD – Standard Deviation. 95% CI - 95% Confidence Interval 
 


































































































































































































































































































1.16) 3.7 0.317 
<0.001
* 
* Significant at P < 0.05. SD – Standard Deviation. 95% CI - 95% Confidence Interval 
 




(95 % CI) 
TA 
Mean 



































311.66) <0.001* <0.001* 0.053 <0.001* 
 



































































































549.7) <0.001* <0.001* 0.655 <0.001* 
 




























































0.3) <0.001* <0.001* <0.001* <0.001* 
* Significant at P < 0.05. 95% CI - 95% Confidence Interval 
 
Table 7 -  Comparison of the parameters between BA, TA and Control group at post-treatment (T3-T2) 
 
BA 
Mean (95 % 
CI) 
TA 
Mean (95 % 
CI) 
Control 



























5405.72) <0.001* <0.001* 0.661 <0.001* 
 










420.05) 0.325 0.293 0.751 0.691 
 
Nasopharyngeal 







































































4149.94) 0.065 0.155 0.938 0.073 
 
















































1.12) <0.001* <0.001* 0.777 <0.001* 
* Significant at P < 0.05. 95% CI - 95% Confidence Interval 
 




(95 % CI) 
TA 
Mean 
(95 % CI) 
Control 
Mean 


























5428.79) 0.885 0.976 0.956 0.875 
 










410.03) 0.872 0.899 0.888 1 
 
Nasopharyngeal 
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* Significant at P < 0.05. 95% CI - 95% Confidence Interval 
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Molar 
Angulation 113 (6.17) 111.8 (6.06) 
109.6 
(4.94) 0.351 0.996 0.878 
Palatal width 
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(2.67) 22.82 (2.77) 
22.32 
(1.87) >0.999 0.99 0.999 
Vertical Bone 
Height  8.32 (0.7) 8.37 (0.8) 8.48 (0.65) 0.986 >0.999 0.999 
Buccal Bone 
Thickness AC 1.59 (0.44) 1.73 (0.45) 1.81 (0.59) 0.663 0.953 1 
Buccal Bone 
Thickness Root 2.74 (0.85) 3.27 (1.67) 3.25 (1.04) 0.618 0.549 >0.999 
* Significant at P value < 0.05. 95% CI - 95% Confidence Interval 
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Figure 2 -  Nasal Cavity Boundary (Axial View) 
 






Figure 4 – Oropharyngeal Boundary  
 






Figure 6 - Nasal Cavity Width (Anterior Nasal Width) 
 

























Figure 9 – Minimal Cross Sectional Area 
 






Figure 11 – Intermolar and Intercanine Widths 
 
 












Figure 13 – Buccal Bone Area 
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